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® Laser Interferometer system and method for monitoring and controlling IC processing* 



© A laser end point detector Incorporating 
adjustable-focus, variable-orientation detection optics 
for monitoring different types of structures such as 
laser-transparent thin films, isolated trenches or 
holes and patterned arrays of trenches or holes. A 
collector lens package comprising a laser and a 
fogasing lens are mounted in a hole in a collector 
lens which Is pivotaify mounted for selectively focus- 
frig zero, first and higher orders of cBffractfons re- 
^1 fleeted from the wafer onto an a s so c i at ed detector to 
^monitor the etching of different types of structures. 
Oft> r example, zero order diffraction signals are used 
to monitor the etching of large target areas in trans- 
■^parent thin films or of non-patterned trenches of 
<\| holes. Rrst order (or higher) diffraction signals are 
JJJused for monitoring the etching of patterned features 
"which effect a two-dimensional diffraction grating, 
©such as the capacitor holes in dynamic random 
access m mories. 
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different types of etched structures; and 

RQ. 6 schematically depicts th diffraction 
grating effect of trenches or holes. 



Detailed Description of the Preferred Embodiment- 

FIG. 3 schematically depicts a preferred em- 
bodiment 20 of our laser end point detector, which 
Includes a moving carriage or stage 25 mounted on 
a semiconductor processing reactor system 26. 
The carriage 25 supports the entire laser detector 
optics system 30 which is used to monitor the 
etching of workplaces such as wafer 27 via window 
28 in chamber wail 29. One such reactor system 
26 is disclosed in co-pending, commonly assigned 
U.S. patent application. Serial No. 185,215, filed 
April 25, 1988, in the name of Cheng et ai, which 
application is hereby incorporated by reference In 
Its entirety. 

In its present version, the stage 25 comprises a 
base plate 31 siidabty mounted along rails 32 for 
reciprocal movement along the wall 29 and window 
28 by a stepper motor 33-driven lead screw 34. 
(The center section of the rail 32 is deleted in RG. 
3 to more dearly illustrate lens 38.) 

The laser optics system 30 Includes a laser 
pen which comprises a diode laser 38 and an 
associated focusing lens 37, both of which are 
mounted in a central aperture 51 within a collector 
lens 38. A ohotodetsctor 39 is mounted on a sec- 
ond, elevated platform or plate 41 which is sup- 
ported by posts 42. The platform 41 can be raised- 
or towered along posts 42 to select the reflected 
diffraction order. Th e collector J ggs 38 Is supported 
by a kinematic mount comprising a plate 58 which 
supports the collector lens 38 and which is sup- 
ported on three adjustment screws 57 threaded 
Into base plate 31 and (oumaJed between the screw 
heads and compression springs 58. Adjustment of 
the screws affords pivotal or tilting movement of 
the lens 38, e.g., about associated axes In the 
plane of the base plats 31. 

A standard personal computer 47 such as the 
IBM AT is interfaced with the detector 39, stepper 
motor 33, and associated power supplies in a con- 
ventional manner for controlling operation of the 
photodetsctor 39, scanning of the stage 25 and 
analysis of the output signal from the jabot pdetecto r 
39 for terminating (and starting, if desired) the etch 
process. Visual readout 48 at a display device 49 
such as a printer and/or monitor provides com- 
prehensive graphics, plots, records of input data, 
filtered data, etched depth, etch rate, etc., as de- 
sired. 

The orientation of the pivotal collector lens 38 
relative to the planar workpiece 27 by th kinematic 



mount selects the diffraction order directed onto 
the detector 39 by th collector lens according to 
the type of target structure being etched. 

For example, many semiconductor structures 

6 contain a pattern of tehed features which act like a 
two-dimensional diffraction grating. This includes 
VLSI dynamic random access memories (ORAM'S) 
in which bit storage is in capacitors formed In 
micron and sub-micron size holes arranged in a 

ro grid pattern, one hole per ceil. Illustratively, for a 
sixteen megabit chip there are sixteen million holes 
on the chip which form a very regular, simple grid 
pattern which can be used as a two-dimensional 
diffra c tio n grating for first and higher orders r 

75 diffraction. See RG. 6. To monitor the etching of 
such holes, the Jen^37 is used to focus the laser 
light to a wide area on the target 27. Also, as 
shown in HQ. 4, the collector lens 38 Is oriented so 
that first order diffraction light (designated 53 in 

20 FK3L 4) or higher ordered diffractions In all direc- 
tions (collectively designated 54) is collected by 
the collector lens onto the photodetector 3 9. Spe- 
cifically, in RQ. 4 the collector lens is oriented with 
Its axis substantially perpendicular to the normal to 

29 the plane of the wafer 27. Rrst order dtffractiorf is 
usually preferred ever higher orders because of its 
higher intensity. The etch fabrication process gen- 
erates an output trace of the type 48 as shown in 
HQ. 3, for determining the cfistance etched and 

30 etch rate. 

For etch monitoring and end point detection of 
thin Alms, such as those depicted in RQ. 1, whose 
features do not form a diffraction grating, zero 
order diffra ction is used during monitoring. As 

35 shown in RG. 5, the pivotable collector lens 38 Is 
oriented at a small angle relative to the orientation 
of RQ. 4 so that zero order d iffraction fight 55 is I 
incident on detector 39. and the lens 37 is used to ' 
focus the laser Hght 52 sharply onto the wafer 27. 

40 Again, the etch fabrication process generates an 
output trace of the type 48 as shown in RQ. 3 for 
determining dimension etched, etch rate and end 
point. 

In short to provide maximum signal strength 

45 monitoring of patterned etched features such as 
holes or trenches, preferably a relatively wide area 
beam spot is used and the collector lens assembly 

* is oriented so that the first order diffraction light is 
directed to the detector. To monitor features which 

so do not form a diffraction pattern, such as transpar- 
ent dielectric films or non-patterned holes or 
trenches, the light Is sharply focused to a relatively 
small area on the substrate 27 to minimize th 
wafer area illuminated by the laser and the coUec- 

55 tor assembly is oriented so that zero order diffrac- 
.tion light is detected by the detector 39. 

In a working embodiment our laser end point 
detector system was mounted on a Precision Etch 
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layer so that the laser light is reflected off the 
substrate layer at a selected orientation relative to 
the substrate and to a light detector so that a 
selected diffraction order of light is Incident on said 
detector and converting the resulting optical inter- s 
ference signal into a corresponding electrical signal 
for monitoring the fabrication process. 

6. The method of Claim 5, wherein the target 
area on the substrate is selected from (1 ) material 
which is transparent to the laser light and a hole to 
being etched in the substrate and (2) a pattern of 
etched features serving as a two-dimension diffrac- 
tion grating to said incident laser light and wherein 
said selected diffraction order is, respectively, (1) 
the zero order and (2) a first or higher order. 75 
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